The first empirical model of the equatorial mass density of the plasmasphere is constructed using ground-based ULF wave diagnostics. Plasmaspheric mass density between L=l.7 and L=3.2 has been determined using over 5200 hours of data from pairs of stations in the MEASURE array of ground magnetometers. The least-squares fit to the data as a function of L shows that mass density falls logarithmically with L. Average ion mass as a function of L is also estimated by combining the mass density model with plasmaspheric electron density profiles determined from the IMAGE Radio Plasma Imager (WI). Additionally, we use the RPI electron density database to examine how the average ion mass changes under different levels of geomagnetic activity. We find that average ion mass is greatest under the most disturbed conditions. This result indicates that heavy ion concentrations are enhanced during large geomagnetic https://ntrs.nasa.gov/search.jsp?R=20040171673 2019-08-11T05:43:55+00:00Z 2 disturbances, and therefore play an important role in storm-time plasmaspheric dynamics.
disturbances, and therefore play an important role in storm-time plasmaspheric dynamics.
The average ion mass is also used to constrain the concentrations of He' and 0' .
Estimates of the He' concentration determined this way can be useful for interpreting IMAGE Extreme Ultraviolet Imager ( E W ) images.
Introduction
Many studies have been performed using spacecraft data and VLF whistlers to He' and 0 ' are the major heavy ion species in the plasmasphere and usually have concentrations of about 2-6% for He' and 1 % for 0'. Craven et al. [ 19971 reported typical He+ to H+ ratios of -0.03 to 0.3. Horwitz et al. [1984] found that in the aftermath of a storm O+ density could become comparable to H+ density in the plasmasphere.
Techniques for remotely sensing the mass density along closed magnetic field lines involve using pairs of ground-based magnetometers to measure field line resonance frequencies. These frequencies can then be used to infer the mass density along the magnetic field, much like the mass density along a string fixed at both ends can be determined from its harmonic frequencies [Schultz, 1996; Denton and Gallagher, 200OJ.
Two of these techniques are the power ratio technique [Baransky et al., 1985, 19891 and the cross-phase technique [Waters et al., 1991, 19941 . Berube et al. [2003] have developed an automated method for determining field line eigenfrequencies using pairs of ground magnetometers. This new routine allows the analysis of large amounts of data, and hence the development of a mass density database for the plasmasphere.
In this study, a model of the equatorial mass density of the plasmasphere using ULF field line eigenffequencies is constructed using data from pairs of ground-based magnetometers. The mass density model is then combined with the IMAGE RPI electron density model to determine the average ion mass and estimate the maximum concentration of heavy ions in the plasmasphere.
Equatorial Mass Density Model
The MEASURE ne,= 10-Dst < -100 nT
Average Ion Mass and Composition of the Piasmasphere
The average ion mass can be determined fiom the mass and electron density profiles since Kvg = -eq/b,. Figure 2 is a plot of the average ion mass determined &om the mass density and electron density models described above. The black line is the average ion mass found using all the data. The red and blue lines are the quiet and disturbed time profiles, respectively. The lighter weighted lines represent the uncertainty associated with each quantity, and are based on the uncertainties in the parameters of the least-squares fit to the data. The overall and quiet time profiles are close to unity for 2 < L < 3. On average, the plasmasphere is made up of mostly H' . For the most disturbed times (Dst < -100 nT) the average ion mass is significantly larger, and increasing with increasing L. During storms, a considerable number of heavy ions are present in the plasmasphere, with more heavy ions at larger L, indicating the presence of a heavy ion torus in the plasmasphere. Since the major constituents of the plasmasphere are g, He+,
and O' , their concentrations can be estimated with the following relationship:
If only one heavy ion species is assumed to be present, we can determine the maximum concentration of that species. For example, the upper limit on the average ion mass at L=2 overall is approximately 2.2 amu, which implies a maximum Hef concentration of 40% by number and a maximum of 8% for 0' . Table 1 shows maximum heavy ion concentrations determined this way for the entire data set, quiet times, and disturbed times. The maximum percentage is determined from the upper limit on average ion mass in each case. It should be stressed that this maximum determination only assumes one heavy ion species. For example, > 100% He' concentration infers that there must be heavier ion species present in order to explain the observed average ion mass.
Discussion
The He+ and 0' concentrations in Table 1 The increase in heavy ion concentrations during disturbed times has interesting implications for ring current and radiation belt dynamics. In particular, the results show that during severe storms (Dst < -100 nT), the plasmasphere is dominated by heavy ions, rather than H'.
Finally, independent estimates of the abundance of He' in the magnetosphere are a necessary aid to the inversion of IMAGE Extreme Ultraviolet (EUV) images.
Information about the mass density along the line-of-sight is necessary to accurately determine the He' density distribution in the plasmasphere. CZiEverd et al. [2003] found for two events that changes in the He' column abundance appear to correlate with changes in He' determined fiom ground-based VLF and ULF observations. Future studies will combine ground-based ULF wave computations of mass density with in situ and VLF-derived electron densities and IMAGE EUV He' observations to create a more complete picture of the plasmasphere. Table 1 . Maximum heavy ion concentrations determined from ground-data-derived mass density model and W I in situ electron density profiles, using equation (7) from the text, and assuming only one heavy ion species is present for each case.
